To evaluate the availability of pharmacokinetic, safety and efficacy analyses specifically targeted at elderly, prior to the authorization of drugs.
parameters are discussed to affect absorption, distribution, metabolism and excretion of drugs during aging. For example, sarcopenia and increased percentage of fat tissue results in a different distribution volume. 5 With regard to metabolism, the total liver mass reduces with age and there is a lower capacity for phase 1 reactions through the cytochrome P-450 enzymes. 6, 7 In contrast, conjugation reactions are not affected by ageing. 5 Also, the hepatic blood flow is lower, which results in a reduced first pass effect. 8 The renal function diminishes with age:
there is reduced renal blood flow, diminished glomerular filtration rate and a reduced renal tubular secretory function. 5 It is generally accepted that of the pharmacokinetic parameters, absorption is least affected by age. 5 Pharmacodynamic changes in the elderly are the consequence of diminished reserve capacity or diseases of organ systems and changes in receptor number and affinity. 5 In addition, comorbidity associated polypharmacy is more common among elderly and consequently the risk of interactions as well as adverse drug reactions is higher. 9 These age-related differences may give rise to age-specific risk/benefit ratios for drugs in elderly.
The elderly consume the majority of prescribed medications and carry the largest burden of chronic diseases. 10 Their 24 This was confirmed by an evaluation of the clinical trial database (clinicaltrials.gov). 25 However, no investigation has systematically reviewed the available information on publicly available database of health care regulators.
In this study, we aimed to evaluate the availability of pharmacokinetic, safety and efficacy analyses specifically targeted at the elderly, prior to the authorization of the most frequently prescribed drug classes during the past years.
| METHODS

| Design
A cross-sectional, structured assessment of publicly available initial approval documents of FDA-approved drugs was performed. To obtain marketing authorization for newly developed drugs, companies are required to deliver quality, safety and efficacy information about the drug.
| Drugs of interest
The following initial approval documents were assessed: those of frequently on-label prescribed drug classes, those of drugs with known pharmacokinetic differences in the elderly, or those of drugs that are relatively contraindicated in elderly (e.g. anticholinergics or benzodiazepines What is already known about this subject
• Under-representation of elderly in clinical trials has been described earlier, thereby challenging the external validity of benefit/risk assessments of launched drugs.
• Pharmacokinetic differences in the elderly may give rise to differences in safety and efficacy. Therefore, it is pivotal include geriatric patients in clinical trials of medical substances.
What this study adds
• This is the first cross sectional, structured research on availability of pharmacokinetic, safety and efficacy analyses of the publicly available initial approval documents of Food and Drug Administration-approved drugs.
• For the majority of the drugs, the initial approval documents showed information on pharmacokinetics in elderly, but information on safety and efficacy was missing.
selected drugs 29 during the period December 2017-March 2018.
When initial approval documents were available, these were evaluated for availability of data on pharmacokinetics, efficacy and safety analyses. The availability of analyses in the geriatric population was assessed as sufficient or insufficient, based on thorough assessment of the complete initial approval document. Information was deemed sufficient if information on pharmacokinetics, efficacy and safety was present in adequate numbers (e.g. representative of the target population).
Adequate was assessed in concordance with the ICH7 guideline:
"geriatric patients should be included in the Phase 3 database (and in Phase 2, at the sponsor's option) in meaningful numbers." With regard to pharmacokinetic studies it is stated in the ICH7 guideline that "a pilot trial of limited size conducted under steady-state conditions to look for sizable differences between older and younger subjects or patients" can be performed and "a larger, single-dose pharmacokinetic study of sufficient size to permit statistical comparisons between geriatric and younger subjects' or patients' pharmacokinetic profiles is also acceptable." A pharmacokinetic screening approach as described in the ICH7 guideline was also deemed adequate.
Furthermore, the year of initial marketing approval was extracted.
One researcher (Ri.R.) performed the inclusion and assessments. In case of uncertainty, a second researcher (Ro.R.) was consulted. A random sample of 10% (n = 18) was selected and double checked by the second researcher (Ro.R.), to ensure correct assessment of adequateness. Outcomes were numbers (%) of initial approval documents that contained adequate data on pharmacokinetics, efficacy and safety analyses.
| Statistical analyses
To assess whether the percentage of available initial approval documents significantly increased during a certain time frame, χ 2 test statistics were used, considering P < .05 statistically significant. Analyses were performed using SPSS statistics version 23.
| RESULTS
In the ATC database, 1129 unique active pharmaceutical ingredients were found for the analyses (Table S1 ). Of these, 506 medical substances were found in the FDA database (45%). The majority consisted of drugs for mental health or nervous system disorders (n = 132; 26%); followed by antibacterial drugs (n = 101; 20%) and respiratory drugs (n = 86; 17%). Seventy-one antihypertensive drugs were found (14%) and 39 glucose-lowering drugs (8%). All other drugs each comprised <5% of the total amount of drugs found in the FDA database ( Figure 1 ).
Of the 506 medical substances, 182 (36%) initial approval documents were available (Table 1) . Of these, the majority were drugs for mental health or nervous system disorders (n = 51; 28%); followed by glucose-lowering drugs (n = 32; 18%) and antibacterial drugs (n = 22; 12%). Twenty-one antihypertensive drugs were found (12%), 16 lipid-lowering drugs (9%) and 15 respiratory drugs (8%). Antiulcer drugs comprised 7% (n = 13) and all other drugs each comprised <5% of the total amount.
For the majority of the drugs, the initial approval documents in the database did show information on pharmacokinetics in elderly (n = 113; 62%). For 1 drug, it was explicitly stated that information on pharmacokinetics, safety and efficacy in elderly was not applicable (ivacaftor).
Furthermore, over time, the availability of information on pharmacokinetics in elderly increased statistically significantly from zero in the period 1979-1979 to 76% (n = 32) in the period 2010-2018 (p = .02; Table 2 ). For safety and efficacy information in elderly, detailed information was present in respectively 77 and 81 documents (42% and 45%). In addition, the availability of information on safety and efficacy in elderly did not improve over time (p = 0.13 and 0.11, respectively).
| DISCUSSION
In this study the availability of pharmacokinetic, safety and efficacy analyses specifically targeted at the elderly, prior to the authorization of the most frequently prescribed drug classes was evaluated. Based on the available initial approval documents, it was concluded that 62% of the FDA documents included reports on pharmacokinetic analyses, and 42 and 45% on safety and efficacy analyses in the elderly.
For the majority of the drugs, the initial approval documents were not available in the database; however, over time, the percentage of available initial approval documents, as well as the information on pharmacokinetics increased significantly. With regard to crucial data on safety and efficacy, presence of information specifically on elderly was insufficient and did not increase over time. Our results are in line with earlier studies on under-representation of the elderly in (pre-authorization) trials and published reports. 12, 13, 18, [22] [23] [24] [25] It was reported that only 3 of the 155 clinical trials on 4 widely prescribed drugs were exclusively designed for patients aged 65 years and older. 30 Moreover, a recent assessment of all performed clinical trials in 2012 revealed that only 2% of the randomized controlled trials were designed for elderly aged 65 and over. 31 Unfortunately, we have shown that despite efforts to include elderly patients in clinical drug trials, under-representation of elderly patients is still present, which challenges the external validity of benefit/risk assessments of launched drugs and leads to the phenomenon of off label prescribing in old patients. 32 With regard to elderly, adequate representation of the targeted population in clinical trials is 33 For example, it was recommended to include older people in phase 1 clinical trials on gynaecological cancers, as they have similar toxicity profiles compared to their younger counterpart. 34 However, including elderly in clinical trials remains challenging: given the presence of protocol restrictions (e.g. exclusion criteria on age, polypharmacy and multimorbidity), many elderly must be screened before 1 study participant can be enrolled. 30 One of the major drawbacks of this study is that it could not be verified which specific older patients in terms of age, ethnicity, sex and comorbidities were included in the clinical trials. This is important as the elderly population included in the assessed initial approval documents could have consisted of relatively healthy elderly with 1 disease, thus not being representative of the target population of elderly which the drugs are using namely those elderly with multiple comorbidities and polypharmacy. 33 Furthermore, the presence of information on pharmacokinetic studies could only be quantitatively assessed and not qualitatively. The available information was highly variable per assessed molecular entity; for example, different definitions of elderly were used, and information on numbers of elderly in clinical trials was missing frequently. As noticed in the methods section, the ICH7 guideline was used to deem whether numbers of included elderly were adequate, a random sample (10%) of the assessed reports was double checked to verify correct assessment of adequateness. Also, pages of the assessed initial approval reports were regularly withdrawn for confidentiality reasons of the submitting company. Furthermore, there is no way to determine whether all data submitted to the FDA are available in the online published documents. Lastly, not all pharmaceutical ingredients were found as drugs in the FDA database, which probably leads to nondifferential misclassification.
To our knowledge, this is the first study to assess the presence of information on pharmacokinetics, safety and efficacy in initial approval documents accessible in the FDA database. During the period 1927-2013, a total of 1453 drugs obtained FDA approval and the FDA still approves dozens of drugs each year. 35 However, an analysis on the availability of pre-authorization information on pharmacokinetics, safety and efficacy in elderly in the FDA database has not yet been performed. In a methodological guideline on the use of FDA documents for evidence syntheses, the benefit of using aggregated clinical trial information from FDA documents for the interpretation of data was emphasized, as it is less biased than published trial information. 36 Nevertheless, since 2010, there is still insufficient data available on safety and efficacy of the most frequently prescribed drugs in the elderly. Knowing that older people account for the majority of all drug consumers, priority should be given to clinical research with a study population that is representative for the actual patient population. 10 
